The purpose of this study was to evaluate intracoronary thrombi in the culprit lesions in patients with acute myocardial infarction (AMI) by angioscopy, and to compare them with clinical and angiographic features. We angioscopically observed the culprit coronary lesions in 66 patients with AMI (55 males and 11 females, 63.9 + 15.4 years old) just before interventional therapy. Thrombi were observed in 42 of 66 lesions (64%), namely, red thrombi in 16, mixed thrombi in 15, white thrombi in 11. In patients with complete obstruction (TIMI grade 0 and I), red thrombi were more frequently observed than mixed or white thrombi. On the other hand, in patients with incomplete obstruction (TIMI grade II and III), white thrombi were more frequently observed than the others. Angiographically, haziness and filling defect were significantly more frequently observed in patients with red thrombi than the others (p < 0.05). The distance from proximal side branch to thrombi tended to be longer in patients with red thrombi than the others. The time from onset of AMI tended to be longer in patients with white thrombi than the others. These results suggest that blood flow may be an important determinant of thrombi characterization.
INTRODUCTION
Recent pathological studies revealed that plaque disruption and subsequent local thrombosis were the main clue events in acute myocardial infarction (AMI), resulting in coronary flow reduction and myocardial damages [1] . Morphological changes in the coronary arteries in patients with AMI had been clinically evaluated by coronary angiography [2] . Although a powerful diagnostic tool, angiography can display only the silhouette of the luminal changes and is not helpful enough to investigate the pathogenesis of AMI. Therefore, development of a new diagnostic method which gives us more Corresponding author. Tel.: +81-476-22-2311. Fax: +81-476-22-8024. E-mail: morio-chan@nifty.ne.jp detailed and precise pathological information is required. Angioscopy, which enables direct visualization of endovascular surface, is a more accurate means of identifying pathological features of the plaques in patients with ischemic heart disease [3, 4, 5, 6] . Several angioscopic observations in patients with AMI had revealed high frequency of plaque disruption and subsequent thrombosis in the coronary lesions [7, 8, 9, 10] . Coronary thrombi observed by angioscopy are classified three types, red, white and mixed thrombi [8, 10] . It was reported that patients with unstable angina were frequently observed to have white thrombi, but none were seen in the patients with AMI, whereas red thrombi were frequently observed in patients with AMI [8] . Our findings about colors of thrombi are different from this report. Moreover, the difference between the mechanism of the formation of white thrombi and that of red thrombi has not been known. To clarify these differences, we angioscopically observed the culprit coronary lesions and compared them with clinical and angiographic features.
PATIENTS AND METHODS
back for 7 cm during balloon inflation and saline flash.
Procedures
Details of angioscopy were described elsewhere [3, 4] . In brief, after routine coronary angiography, patients received 8000--10000 IU of heparin intravenously, and coronary injection of 0. Relation between the lesions distribution and thrombi appearance is listed in Table I . No relation was observed between the lesions distribution and thrombi appearance.
Relation between thrombi appearance and angiographic features is listed in Table II . In patients with complete obstruction (TIMI grade 0 and I), red thrombi were more frequently observed than mixed or white thrombi. On the other hand, in patients with incomplete obstruction (TIMI grade II and III), white thrombi were more frequently observed than red or mixed thrombi. Angiographically, haziness and filling defect were significantly more frequently observed in patients with red thrombi than in patients with mixed and white thrombi (p < 0.05, vs. mixed and white). The distance from proximal side branch to thrombi tended to be longer in patients with red thrombi than that in patients with mixed or white thrombi. Relation between appearance of thrombi and time from onset of chest pain to angioscopy is listed in Table III . The time tended to be longer in white thrombi group than that in mixed or red thrombi group. AMI had not revealed the difference between the mechanism of the formation of white thrombi and that of red thrombi. What is the factor deciding the kind of thrombi? In our study, in patients with complete obstruction, red thrombi were more frequently observed than mixed or white thrombi, whereas in patients with incomplete obstruction, white thrombi were more frequently observed than red or mixed thrombi. The difference in color of thrombi probably reflects difference in the composition of thrombi, perhaps related in part to the different ages of the thrombi or difference of blood flow in the artery [8] . Whereas red thrombi tend to form under conditions of stasis, white thrombi tend to form when blood flow has not been completely interrupted. Pathological studies of coronary thrombi showed that white thrombi were plateleto rich, whereas red thrombi contained an abundance of fibrin mixed with erythrocytes and platelets [11] .
In addition, when observed after thrombolysis, white thrombi were found to be older than red thrombi and had a tight fibrin network [12] .
In our study, white thrombi were observed even in the patients with complete obstruction. The distance from proximal side branch to thrombi tended to be longer in red thrombi group than that in mixed or white thrombi group. Moreover, the time from onset of chest pain tended to be longer in white thrombi group than that in mixed or red thrombi group. These facts suggest that blood flow plays an important role for thrombi appearance.
A probable explanation is that red thrombi were formed in the initial stage of AMI, and erythrocytes in the thrombi might be dispersed by blood flow (sometimes by coronary blood stream to proximal side branches around thrombi), while platelets and fibrins remain, resulting in white in color (Fig. 2) . When the proximal side branch is near the thrombus, some part of blood stream to proximal side branch can flow around the thrombus ( Fig. 2A) . But when the proximal side branch is far from the thrombus, any part of blood stream cannot flow around the thrombus, and cannot disperse erythrocytes in the thrombus (Fig. 2B ).
Angiographically, haziness and filling defect were significantly more often observed in patients with red thrombi than in patients with mixed and white thrombi. The findings of haziness and filling defect are angiographic criteria for the presence of intracoronary thrombi [13, 14, 15] , though angiography has been shown to be less sensitive than angioscopy for detection of thrombi [6, 7] . Angio-A B graphy can probably recognize only the thrombi under conditions of stasis. The findings of haziness and filling defect reflect the silhouette of the stasis of contrast medium. In white thrombi, contrast medium probably can flow through the fibrin network, resulting in lack of the findings of haziness and filling defect.
In conclusion, thrombi formation has an important role in the pathogenesis of AMI. Not only red thrombi but also white and mixed thrombi were observed in the culprit lesions in the patients with AMI. The results in this study suggest that blood flow may be an important determinant of thrombi characterization.
